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I NSTALL | NTERI OR ELECTRI CAL SYSTEMS

LEARNI NG OBJECTI VES:

a. Terminal Learning Objective:

(1) Provided a structure, construction blueprints, al
schedul es for circuits and materials, a selection of electrical
materials, required tools and references, install an interior
el ectrical wiring systemsuch that the structure is wired per the
construction blueprints and the installation is conpleted safely and
on tinme per the references. (1141.03.06)

b. Enabling Learning Objectives:

(1) Provided electrical blueprints, studded cubical wth pre-
drilled studs and rafters, a breaker box with circuit breakers,
conductors, hardware, and tools, install the breaker box in accordance
with the National Electric Code (1141.03.06a).

(2) Provided electrical blueprints, a studded cubical with pre-
drilled studs and rafters, a breaker box installed with circuit
breakers, conductors, hardware, a selection of electrical conponents,
and electrical tools, install the branch circuits such that the system
reflects the electrical blueprints and is in accordance with the
Nati onal Electric Code (1141. 03. 06b) .

BODY

1. Installing the Breaker Box:

a. Wien installing the electrical systemwe will first cover the
installation of the breaker box or better known as the panel box. The
first stepis to performan inventory on all materials for the system
installation. We want to identify all materials and match t hem
agai nst the Service Mterial Schedul e.

b. The second step will be to study the electrical blueprints and
determ ne the foll ow ng:
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(1) Location of installation.
(2) Type of service being installed.
(3) Inventory of tools required for the installation

(4) Materials match the type of service installation to be
per f or ned.

(5) dearances that must be naintained for the service
mast and servi ce entrance conductors. Vertical clearances can be
found in Article 230-24 of the NEC

c. There are two basic styles of services. A service fed from an
overhead drop and a service fed from an underground service | ateral
There are different variations of installing the two types of
services. We wll discuss four cormmon ways of installing a service.

(1) Service Mast installed through roof using a flashing.

(a) The first step for installing the service nast
through the roof and ceiling is to verify the exact |ocation where the
panel box will be installed.

(b) Select the point of entry for the service mast
based on where the breaker box is intended to be installed and install
the box . Use a level to ensure the box is square. |If the ceiling is
al ready installed you may want to wait to change the steps of
installing around as we will cover shortly.

1 Measure the distance fromthe back of the
breaker box to the center of the knockout that you intend on using for
connecting the service mast. This nmeasurenent shoul d be considered
al ong with any possible obstructions that may hinder the service nast
frombeing installed vertically straight.

2 Munting of brackets or straps for support
shoul d al so be considered. Think about how will this inpact on the
nmeasurenents al ready taken

3 Using a level with a magnetic strip (level
that nagnetically adheres to ferromagnetic materials), hold the
service mast in the intended path of installation. The service mast
shoul d be over the knockout of the panel box and the |evel should read
vertically straight conpletely around. Pencil around the nmouth of the
service mast; thus, a circle should be |eft behind that indicates
where you will drill.

4 |If clearance of the service mast cannot be
made due to the ceiling already being installed you can use a string
with a weight called a plunb line. This weight should be symetrica
so that when the center of the weight is hung by a string directly
over the knockout of the breaker box, the string is vertically
strai ght above. You should mark a spot on the ceiling where the

SH- 2



string is using a pencil. You should then draw a circle that matches
the dianeter of the pipe ensuring that the mark fromthe string is
directly in the center. You can use the string and weight to mark the
roof also by ensuring the weight is hung directly over the center of
the hole while marking the spot where the string is on the roof. This
all takes place in the overhead crawl space or attic. You can also
slide the service mast though the hole in the ceiling and using a
level to ensure it is vertically straight mark the roof with a penci
by once again tracing the nouth of the service mast. Whatever nethod
is used, it is inportant that the mast is installed plunb with the
knockout of the panel box and that a nmethod of supporting and securing
t he mast can occur.

5 To seal the exit of the service nmast and to
prevent water fromentering through the roof a device called a
flashing is used. The flashing is nade using a treated pi ece of sheet
metal or simlar material some are also nade of plastic. It also has
a doomor cup like construction that lifts away fromthe base of the
flashing where there is a hole is pre-drilled or cut. Around this
pre-nmade hole is a rubber like seal. The flashing upward edge is slid
under roofing shingles so that rainwater can fl ow down off the
shingles, across the sheet netal and down the rest of the roof. Once
the service mast is pushed up through the hole of the flashing the
rubber like seal allows the transfer of the pipe fromindoors to
outdoors without the el ements causing a probl em

(2) Service Mast using an ElIl is another nethod of
installing the service. This nmethod is used when the mast is secured
to the outside wall of the structure and a device called an ell makes
a 90 degree bend that goes right through the wall. The entrance ell
has a cover that aids in the efforts of pulling the service entrance
conductors through the conponent. The ell comes with fitting that
all ows the service nmast to be securely attached. The hole in the wall
around the ell is sealed up. You can use a silicone-based caul king or
a putty like material called duct seal.

(3) Service mast through overhang is another common net hod
of installing the service mast. Going through an overhang nornally
requires both the use of a flashing and an ell.

(4) A service lateral installation is when the service is
feed fromunderground. Oten a pole is installed near the structure
that requires electrical power. A mast with a weather-head is
attached to the pole and continues bel ow grade. Then, conductors that
are ran through the nast travel to the structure where they enter by
way of nore conduit that connects to the panel box. The conductors
enter and exit the conduits using a bushing.

(a) Conductors used for service laterals nust be
approved for underground use. The NEC covers these types of

conductors and cables for direct burial. Article 230-30 and article
338 covers types U. S.E. (underground service entrance) and U. F. (under
ground feeder) cables. 300-5 (f) also covers back filling
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(b) Table 300-5 addresses the M ni num Cover
Requi rements, cables caring O to 600 Volts. These service entrance
cables normally nust be buried at |ease 18 inches bel ow grade. 300-5
(d) also states that “Service laterals that are not encased in
concrete and that are buried 18 in. (457 mm or nore bel ow grade shal
have their location identified by a warning ribbon that is placed in
the trench at least 12 in. (305 m above the underground
installation.” Finally, as nmentioned before, the service entrance
cables are protected from physi cal danmage by enclosing in conduit them
when entering and exiting the earth (grade).

d. O her conponents that are conmon to all services are and how
they are used are:

(1) The threaded end of the service mast is inserted into
the knock out of the distribution panel (breaker box).

(2) Lock-nut (type of threaded washer services as a nut) is
threaded onto the threaded end of the rigid conduit (service nast).
One nut goes on the mast prior to it going through the knock out. A
second lock nut is placed on the threaded conduit fromthe inside of
t he breaker box. The two |ock nuts sandw ch the panel box and secure
t he service nast.

(3) A bushing is threaded onto the service nmast to protect
the outer covering of the service entrance cables. Sone installations
may require the use of a bonding bushing. A bonding bushing is like a
regul ar bushing except that it has a strap attached to it to bond the
raceway to the groundi ng bl ock of the panel.

(4) An overhead service drop nmust have a weat her head (al so
may be called a “goose-neck”) attached to the top. These are procured
separately and cone in the sizes required to match the size of the
conduit of the service mast. The cover has knockouts that nust be
punched to pull the cable through. Each conductor is intended to go
through a separate hole. Wather heads may crack if they are
ti ghtened down to nuch when installing themon the nmouth of the
service nmast. Sonme weat her heads have threaded hol es and are for use
with rigid conduit. Ohers have cl anping sleeves and are for use with
ot her types of raceways.

(5) Most service installations will also require a neter
base. This box has a front socket opening and is installed in |ine
bet ween t he point where the service entrance conductors start and the
panel. The utility conpany utilizes this base to plug in their neter
so that they can nmeasure total power consumed. The installation of
the base is the responsibility of the electrician installing the
service. Mst neter bases are installed outside of a structure and
also require the installation of a watertight hub at the point where
the service conduit enters the nmeter base.

e. Article 250 gives all the requirenments for grounding.

Sonetimes the groundi ng el ectrode conduct or nust be passed through the
wal | of the structure to be attached to the groundi ng el ectrode,
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(1) The groundi ng conductor is connected to the neutral
term nal or bar. The neutral/grounding bar at the main panel nust be
connected to the housing of the panel using a bonding strap or screw.
This is referred to as the “Main Bonding Junper”. You will have to
check the literature that the manufacture supplies and study the box
to determ ne the best nethod of bonding. The neutrals and equi prent
groundi ng conductors should not be connected to the sane bar inside
sub panels. This should only be done at the main panel that feeds the
sub panel

(2) Table 250-66 covers sizing of the conductors for
groundi ng. Match the conductor that canme with the bill of nmaterials
with the table to ensure you have the correct size.

(3) The groundi ng conductor is connected to an approved
ground. Article 250-62 covers all the approved naterials.
Article 250-64 “a” through “e” provides the requirenents for G ounding
El ectrode Conductor Installation.

f. The circuit breakers or fuses for each circuit may be placed
i nside the panel box as each branch circuit is conpleted or in an
order that prevents the |ease confusion for the Marine doing the
installation. Ensure that the directory of circuits is pernmanently
marked at the tinme of installation to indicate the purpose of each
circuit in accordance with article 110-22 of the NEC

(1) Article 384-15 states not nore than forty-two over-
current protection devices shall be installed in any one cabinet or
cut out box (breaker box or otherwi se known as panel box).

(2) Ensure that you study the bus connections for 240 volt
circuits and that doubl e-pole breakers are installed for those
circuits.

2. Installing Branch Crcuits

a. Before you install any conponents for the branch circuits you
shoul d inventory the electrical conponents just as we did before
installing the service equi pment. Check the conponents agai nst the
fol |l owi ng:

(1) Branch circuit schedul e.
(2) Branch circuit Mterial schedule.
(3) Lighting Fixture Schedul e.

b. Next you nust determ ne what nmethods will be used to instal
the branch circuits.

(1) Conduit is required in all comercial installations

and is likely to be required in nost projects. There are many
different types of conduit on the market and as technol ogy i nproves
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new types are invented. The type you select will nost |ikely be
determ ned by the type of structure, type of equipnent served and

| ocation of the circuit(s) to be installed. |If there is a question on
which type to use consult the NEC or contact the |ocal building

i nspector. W will discuss the types that are nost often used.

(a) R gid conduit cones in two main types:

1 PVC or nonnetallic conduit is joined together
by couplings or fittings using a glue that is a solvent that welds the
PVC secure. Article 347 covers Rigid Nonnmetallic Conduit. This
conduit can be bent using a thermal device that heats the pipe and
allows it to be altered (commonly called a “heating blanket” or a “PVC
heat box”. Using pre-made bends of different degrees is a common
practice. This conduit conmes in sizes from?» to 6” in dianeter

2 Metallic conduit requires threaded fittings.
It is a very strong installation that provides maxi mum protection for
conductors. Article 346 covers Rigid Metal Conduit. This conduit
comes in sizes from¥ to 6” in dianeter and is pernmitted to be used
as an equi pnent groundi ng conductor. This conduit is very hard to
bend and in nost cases requires the use of a hydraulic bender.

(b) Internediate Conduit is simlar to rigid conduit,
but the walls of the conduit are not as thick. Article 345 covers
Internmedi ate Metal Conduit. This conduit conmes in sizes from®» to 4"
in dianeter and is permitted to be used as an equi pnent groundi ng
conduct or.

(c) Electrical Metallic Conduit (EMI) is probably the
nmost common to use for installing branch circuits. This conduit is
easy to bend and is usually done so with a hand bender. Article 348
covers Electrical Metallic tubing. This conduit conmes in sizes from
¥ to 4" in dianeter. The nost common sizes are 1/2” and 3/4”. EM
is joined together using special fittings that utilize pressure or a
set screw.

(d) Conduit normally comes in 10" |lengths. When
ordering you should round to the nearest 10 and add 10 percent to the
total .

(e) Except for the flexible conduit, the code does
not allow nore than four, 90 degrees bends or the angles nade in any
one run should not be nore then the sum of those equal to four, 90
degree turns.

(f) Flexible conduit is becom ng nore popul ar but
cannot be used for all situations. |It’s usually used on runs that
have many or difficult bends. There are many different types of
flexible conduit. It cones in netallic and nonnetallic or a
conbi nation of themboth. It comes with or w thout conductors that
are preinstalled fromthe manufacturer. It normally comes in sizes
from¥ to 4” in dianeter and is packaged in a coil from 10 to 200
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feet. You nust research the |l engths and uses of the different types
of flexible conduit and select the best one for your installation.

(g) The NEC al so requires conduit to be support ed.
This is normally done with conduit straps. Conduit straps are
sel ected based on the type and trade size of the conduit that you are
installing. They normally have one or two nounting holes. It is
i nportant to know what type of material that the conduit will be
secured to (wood, concrete, drywall etc..) so that the proper
fasteni ng device (screw, anchor, toggle bolt etc..) is used. You wll
be required to research the type of conduit that you are installing.

(2) The method of installing conduit varies. You nust
consi der the foll ow ng:

(a) Surface nounted conduit is when the branch
circuit is installed outside the wall. This installation requires the
wal | surface to be installed first.

(b) Installed inside the wall. Wen installing
conduit in the walls you must consider

1 Vertical runs of conduit. This is done by
runni ng conduit from junction boxes that are nounted on the top plate
of the wall straight up and down. This requires drilling holes
through the top plate. Likewi se, a larger hole then the outside of
the dianeter is need through the first wood nenber so that the fitting
that secures the conduit to the box will not be obstructed when the
box is secured flush to the top plate of the wall.

2 Horizontal runs of conduit nay require notches
to be made through the wooden studs. This should nethod may weaken
studs and should be used on | arge studs only.

(c) Article 300-4 allows certain conduits to be ran
wi thout netal plates protecting them

(d) Cutting conduit is usually done with a hacksaw
however, sone types may require special cutting tools. It is
i nportant to reamthe cut ends of conduit to renove rough edges so the
i nsul ation of the conductors is not danaged as they pass through the
openings. This can be done with lineman’s pliers or reamng tools.

(e) Most conduit fittings and couplings can be
installed by using screwdrivers and or adjustable pliers however
speci al tools nmay be required.

(f) Bending conduit is an art and takes |ots of
practice. The npbst common types of bends are:

1 90 degree bend

2 45 degree bend
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3 O fset bend

4 Saddl e- back bend
(3) Using Nonnetallic Sheathed Cabl e (Ronmex) is another
nmet hod that may be used to install branch circuits. Article 336 covers
Nonnet al | i ¢ Sheat hed Cabl e.

(a) Just as if you were using conduit, when
installing circuits using ronex, after studying the electrical blue
prints is to rough in the boxes. Boxes should always be installed
bef ore runni ng conductors. Al so you may be required to perform some
carpentry to install the cable. If you' re not sure of sonething,
check with your NCO C before cutting or drilling.

(b) CQutlet boxes are either surfaced nounted or
installed in the wall. This should be identified in the planing stage
and verified during inventory. Follow the electrical blue prints for
determ ning the placenent of each outlet.

(c) OQutlet boxes should be installed to the hei ght
specified in the plans. The code does not restrict the height or
mandat e t he hei ght of boxes. Generally, in a room npbst boxes are
pl aced the sanme height. The length of a claw hamer is often used as
a nmeasuring gauge since they are readily avail able and can provide a
fast and uni form nmethod of determ ning height for all outlet boxes.

(d) Switch boxes for lighting are usually placed at
heights from46 to 52 inches. Once again the height placenent of
switch boxes is not mandated by the NEC. The installer should take
into account the placenent of switches as they relate to the way doors
open. Switches should not be placed behind doors. They should serve
t he user wi thout having to hunt behind objects.

(e) Ceiling boxes are located usually in the center
of a room \Wen there are nore then one light fixture in a roomthe
roomis normally divided into equal sections. Light fixtures are then
pl aced center of each section to provide the best use of the lighting
fixtures. Finding the center of a roomor section can be done several
ways:

(1) Running a string fromcorner to corner
diagonally is one nethod. Were the two strings cross should be where
the center is. This can be used if there are nore then one |ight
fixture by dividing the roomup into equal sections and running the
strings fromthe corners of each section.

(2) For installing rows of lights the center of
the room or sections can be found by nmeasuring with a tape neasurer.
Li ghts shoul d be spaced so that lighting is uniformbetween rows. You
can determ ne section for rows by dividing the roomby | ength.

(f) Sonetinmes blue prints show only a rough path that
conductors will take. The line that is drawn from conponent to
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component may only show what is connected on what circuit. You may
have to draft your own detailed plan. This nay aid you especially if
the systemis busy. Whether your using conduit or nonnetallic

sheat hed cable, drafting a sketch for each roomnay save tine. You
can do a rough sketch that will show the nunmber of conductors going to
and from devices and boxes. Pictorial drawi ngs are very useful for
those Marines that have limted experience in wiring electrical
systens.

(g) Wen installing nonmetal lic-sheathed cable, it is
i nportant that bends in the circuit not danage the cable. Article
336-16 of the NEC states, “Bends in cable shall be nade so, and ot her
handl i ng shall be such, that the cable will not be damaged and the
radi us of the curve of the inner edge of any bend shall not be |ess
than five tinmes the dianmeter of the cable”

(h) Article 336-18 of the NEC covers supports for
nonmetal | i ¢ sheathed cable. The NEC states, “Nonnetallic-sheathed
cabl e shall be secured by staples, cable ties, straps, or simlar
fittings designed and installed so as not to damage the cable. Cable
shal |l be secured in place at intervals not exceeding 4% ft (1.37 m
and within 12 in. (305 mm fromevery cabinet, box, or fitting. Flat
cabl es shall not be stapled on edge. Cables run through holes in wood
or netal joists, rafters, or studs shall be considered to be supported
and secured”.

(i) Cable nust be protected from physical damage
Article 300-4 (a) (1) and of the NEC covers cables and raceways
t hrough wood nenbers and the text reads, “Bored Holes. 1In both
exposed and conceal ed | ocati ons, where a cable or raceway-type wring
method is installed through bored holes in joists, rafters, or wood
nmenbers, holes shall be bored so that the edge of the hole is not |ess
than 1/4 in. (31.8 nm fromthe nearest edge of the wood nenber
Wiere this di stance cannot be naintained, the cable or raceway shal
be protected from penetration by screws or nails by a steel plate or
bushing, at least 1/16 in. (1.59 nm thick, and of appropriate |ength
and width installed to cover the area of the wiring”.

c. Installing a circuit into a permanent structure is much
different than hanging a wiring harness in a tent. You should al ways
take your tinme, follow all the NEC codes that apply to the
installation, follow all nmanufactures instructions, and ensure that
the job is done right. Article 110-12 states “El ectrical equi pnent
shall be installed in a neat and worknmanli ke manner”.

REFERENCES: NATI ONAL ELECTRI CAL CCDE
WRING SKILLS UNIT 1
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